Sleep is strongly involved in memory consolidation, but its role remains unclear. 'Sleep replay', the active potentiation of relevant synaptic connections via reactivation of patterns of network activity that occurred during previous experience, has received considerable attention. Alternatively, sleep has been suggested to regulate synaptic weights homeostatically and nonspecifically, thereby improving the signal:noise ratio of memory traces. Here, we reconcile these theories by highlighting the distinction between light and deep nonrapid eye movement (NREM) sleep. Specifically, we draw on recent studies to suggest a link between light NREM and active potentiation, and between deep NREM and homeostatic regulation. This framework could serve as a key for interpreting the physiology of sleep stages and reconciling inconsistencies in terminology in this field.
Sleep and memory: the need for an updated picture From approximately 100 years of research, sleep has been shown to be beneficial for memory in a wide variety of tasks and species, including insects, birds, rodents, and humans [1] [2] [3] . In humans, positive effects of sleep have been reported for declarative memory [4], motor memory [5, 6] , visual discrimination [7] , and many other tasks [1, 8] . However, there is still an intense debate about the mechanisms of this involvement. Contrasting hypotheses see sleep either as a moment of reprocessing, that is, reinforcement and reorganization of specific information and memory traces (the 'active' role of sleep [1, 9] ); or as conducive to nonspecific homeostatic processes, solving neurobiological imbalances accumulated during prolonged waking periods, and restoring a suitable 'working point' for brain networks to operate (the 'downscaling' hypothesis [10]; see Glossary).
Heterogeneous data, from human subjects as well as from invasive neurophysiology experiments in animals, have contributed to a detailed picture of sleep processes and their role in memory consolidation. However, different techniques provide views of brain processes at different spatial and temporal scales, in different experimental contexts. Several theoretical efforts have attempted to reconcile these variegated data. However, this is a difficult task, partly because of the confusing use of terminology across the field. As a key example, sleep is usually dissected in sequential 'stages' based on surface electroencephalography (EEG) recordings Nonrapid eye movement (NREM): approximately 75% of human sleep is NREM, which is further subdivided by sleep 'depth' into S1-4. Rapid eye movement (REM): sleep that comprises approximately 25% of all human sleep and is characterized by a paradoxal and wake-like EEG and muscle atonia. Replay complex: comprises SO, SWR, and spindles, and has been linked to replay of memory traces in the hippocampus, striatum, and cortex during sleep. S1-4: sleep stages 1-4 of NREM. Sharp wave ripples (SWR): transient excitatory burst originating in the hippocampus, and associated in hippocampal subfield CA1 to 200-Hz 'ripple' oscillations Sleep spindles: waxing and waning oscillations at 12-16 Hz (humans) or 9-15 Hz (rodents) seen in the surface EEG and characteristic for S2 LS. Slow oscillations (SO): slow UP-DOWN state transition with a frequency of 0.5-1 Hz, seen throughout NREM sleep. Slow wave activity (SWA): active-silent phases at 0.1-1 Hz; when periodic, SWA is identical to delta waves. Slow wave sleep (SWS): also known as deep sleep; comprises sleep stages 3 and 4. Many animal sleep researchers use the term 'SWS' to describe all NREM. UP/DOWN states: states of elevated and reduced cortical activity, respectively, whose alternation gives rise to SO.
